Introduction
Colorectal cancer (CRC) is a very common disease with a high rate of mortality around the world representing the second cause of cancer-related death [1] . Based on the theoretical assumption that the EGFR status of a tumor may provide an indication of the likelihood of response to EGFR-targeted therapy, studies that demonstrated activity of cetuximab in mCRC have been restricted to those patients whose tumors expressed EGFR by immunohistochemistry (IHC). Thus, assessment of IHC expression of EGFR has been mandatory before initiation of cetuximab based therapy. In this context, a standardized IHC kit (Dako's EGFR pharmDx™ kit) was developed and approved by the Food and Drug Administration (FDA) in 2004 as an aid in identifying CRC patients eligible for treatment with cetuximab. Currently, regulatory agencies still require selection of patients for cetuximab-based therapy by IHC and several kits have been developed that can indifferently be used for EGFR status assessment.
However, the linear correlation between the degree of EGFR expression, as detected by IHC and response to cetuximab is being questioned. On the one hand, clinical studies have suggested that EGFR staining intensity does not correlate with clinical outcomes in patients treated with cetuximab [2] - [7] . On the other hand, some studies showed that even patients with tumors non-detected for EGFR might benefit from this drug [6] [8]- [11] . Moreover, patients with negative immunostaining could have response: Wierzbicki et al. described 8.2% of response rate [12] in patients with progressive disease on previous treatment. The median duration of response was 5.1 months and 42.7% of patients had a stable disease.
All together, these observations strongly challenge the usefulness of IHC as a screen to select patients for cetuximab treatment. Possible causes for this paradox include false negative results due to a lack of sensitivity in the detection system, heterogeneity of EGFR expression within the tumor and underestimation of biologically active receptors [13] . Of note, however, these studies were carried out on small data sets of patients and their results have to be confirmed on larger cohorts.
Thus, to clarify the issue regarding the best criteria for selecting CRC patients who will most likely benefit from EGFR-targeted therapy, Bretagne-Pays de Loire areas (B PL) Cancer Observatory in France has decided to allow initiation of cetuximab-based treatment in CRC patients without mandatory preliminary EGFR status assessment. The BPL Cancer Observatory, an oncology network created by the French Ministry of Health, is specifically dedicated to assessing the use of new targeted anticancer therapies in routine practice. By gathering data from all patients treated in the 47 public hospitals and private institutions members of the network, a major role of B PL Cancer Observatory is to conduct large registry-based observational studies in various fields of oncology to issue recommendations for good medical practice.
The aim of "ERBITUX-OUEST" study was to retrospectively analyze data from the Cancer Observatory cohort of patients with mCRC treated with cetuximab regardless of their EGFR status, allowing, for the first time, to correlate the EGFR status, assessed using the three currently available IHC tests, with outcome in a large reallife cohort.
Patients and Methods

Patients
In the "ERBITUX-OUEST" study, tumor samples and clinical data were retrospectively collected from mCRC patients who had been treated with cetuximab-based therapy for metastatic disease in a center of the B PL Cancer Observatory network from January 2005 to December 2006. Patients have been followed up until death (or lost of follow up). During this period, neither assessment of EGFR status nor that of Kirsten rat sarcoma viral oncogene homolog (KRAS) was required for treatment initiation. All patients received a cetuximab-based regimen (250 mg/msq weekly) in combination with irinotecan (180 mg/msq biweekly) after irinotecan or oxaliplatin failure. Disease assessments were performed according to usual clinical practices.
This cohort was declared to the Commission Nationale de l'Informatique et des Libertés (CNIL) as a retrospective study without impact on patient treatment. Patients included in the cohort have a right of access, modification and deletion of the processing of their personal data. Excemption of inform duty had been obtained for deceased patients.
EGFR Expression Status
Centralized assessment of EGFR expression was performed for all tumor samples collected using the three commercially The staining results were measured semi-quantitatively on a scale of 0, 1+, 2+ and 3+, as previously described [14] [15] . Briefly, a stain was scored as follows: 0, there is no membranous staining in any of the tumor cells or staining in less than 10% of the tumor cells; 1+, there is incomplete membranous staining in >10% of the tumor cells with weak intensity; 2+, there is complete membranous staining in >10% of the tumor cells with weak to moderate intensity; and 3+, there is complete membranous staining in >10% of the tumor cells with moderate to strong intensity. Full-negative patients were defined as EGFR non-detected for all the three IHC kits. Discordant cases were defined as patients with positive EGFR status in one or two of the three IHC kits. Figure 1 illustrates typical examples of full-negative and discordant cases.
EGFR Gene Amplification Pattern
Centralized assessment of EGFR gene amplification was performed systematically for patients with negative Dako test and for full-negative patients by automated silver-enhanced in situ hybridization (SISH) technique using the INFORM EGFR and Chromosome 7 centromere (Chr7) probes, according to the manufacturer's protocol. Both probes were labelled with dinitrophenol and optimally formulated for use with the ultraVIEW SISH Detection Kit and accessory reagents on the Benchmark ® XT machine (Ventana). EGFR and Chr7 signals were counted in 20 cells in a suitable tumor target area. Then the ratio between EGFR and Chr7 signals was calculated. A EGFR/Chr7 ratio of less than 2 was defined as negative for EGFR gene amplification; a EGFR/Chr7 ratio between 2.2 and 4 was defined as a weak amplification of the EGFR gene; and a EGFR/Chr7 ratio more than 4 was defined as a strong amplification of the EGFR gene.
Clinical Outcome
Clinical records were reviewed to collect efficacy and safety data. Efficacy criteria include objective response, progression-free survival (PFS) and overall survival (OS).
Statistical Analysis
OS was defined as the interval between start of therapy to death or last follow-up visit. PFS was defined as the interval between start of therapy to clinical progression or death. The Kaplan-Meier method was used to calculate median durations of OS and PFS and to plot survival curves. Comparison of survival times was carried out using log-rank tests of significance. Comparisons of data according to EGFR status were performed using the Pearson's Chi-2 test. Two-sided P values of less than 0.05 were considered statistically significant. All parameters were calculated with a 95% confidence interval (CI). All analyses were performed using SPSS for Windows, version 11.0 (SPSS Inc, Chicago, IL).
Results
Patient Characteristics
The cohort consisted of 559 patients who were treated with cetuximab from January 2005 to December 2006. Tumor samples and full clinical data (efficacy and safety) were retrospectively collected for 332 of them, allowing their inclusion in "ERBITUX-OUEST" study. Main characteristics of these patients are listed in Table 1 .
Most patients had metastatic disease at the time of primary diagnosis (61%) and all patient at the time of cetuximab based treatment. The median number of previous treatment lines was 3 (1-7), with a median number of treatment cycles of 6 (1-45). Cetuximab was administered mainly in second and third-line treatment (25% and 54%, respectively) in combination with either irinotecan alone (82%) or with irinotecan/5-fluorouracil/folinic acid (FOLFIRI) regimen (18%) after oxaliplatin or irinotecan failure.
EGFR Status Evaluated by IHC and SISH Analysis
EGFR IHC was successfully performed on the 332 tumor samples (128 primary tumors and 204 metastases) from 332 patients. The IHC results were interpreted using the scoring scheme proposed for gastric cancer by Hofmann [14] and Rüschoff [15] . Absence of EGFR expression was confirmed by absence of EGFR gene amplification as assessed by SISH (magnification ×100). Overall, 194 (58%) cases were positive for the three IHC tests (full-positive cases), while 86 (26%) were full-negative. In the remaining 52 cases (16%), assessment of EGFR status provided discordant results depending on the kit used. Of the 131 samples negative with the Dako test, 45 (34%) should be reclassified as positive with at least one of the two others: 29 with the Ventana test and 29 with the Zymed test, including 13 with both. Similarly, 7 (3%) of the samples positive with the Dako test were assessed as negative with at least one of the two other kits (5 with Ventana test, 1 with Zymed test, and 1 with both).
Among the 86 full-negative patients, none had EGFR gene amplification in the tumor cells, while all others had balanced EGFR and Chr7 copy numbers.
Clinical Outcome and EGFR Status
Objective response rate, PFS and OS were compared between EGFR-negative or -positive patients by taking into account either results from the Dako test only or results from all IHC tests.
Regarding results from the Dako test only, the ORR did not differ significantly between EGFR-negative and EGFR-positive patients (P = 0.788; Table 2 ). In addition, there was no significant difference in terms of PFS (median PFS of 5. 
Safety
Among the 332 patients for whom safety data were collected, 72 (22%) reported at least one drug-related toxicity of grade III-IV intensity, leading to treatment discontinuation in 17 (24%) cases.
Regardless of the intensity, the most frequently reported drug-related toxicities were cutaneous, hematologic EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; PFS, progression-free survival; SISH, silver-enhanced in situ hybridization. and digestive events, which occurred in 33 (10%), 15 (5%) and 14 (4%) patients, respectively. No increase of toxicity was associated with EGFR negative or positive status.
Discussions
"ERBITUX-OUEST" is the first large cohort study that investigated the association between EGFR over expression in IHC using the three commercially available kits with clinical response and survival to cetuximab therapy in mCRC patients who had been treated regardless of their EGFR status. The use of anti-EGFR monoclonal antibodies was per label restricted to EGFR expressing mCRC to assure that the right drug is given to the right patient. From 2007, the use of KRAS status (exon 2) has become the gold standard [16] - [19] . Although, the EGFR status was and is still subject to discordant results, the use of a biological test is a potential way of achieving it. In this respect, our study clearly indicates that assessment of EGFR status using IHC may provide discordant results depending on the kit used. These discordances may induce false-positive and false-negative results with the consequence of potential misuse of cetuximab in these patients. In addition, we also confirmed, in a large cohort of patients, that IHC EGFR status is not correlated with response rate since mCRC patients with full-negative EGFR status may also benefit from cetuximab, as it was previously suggested in small series of patients [6] [8]- [12] . IHC was widely used to screen mCRC patients who are considered for EGFR-targeted therapy until 2008. In an attempt to standardize the assessment of EGFR status, the Dako's EGFR pharmDx™ kit has received FDA approval for selecting CRC patients eligible for treatment with cetuximab. However, at least two other EGFR detection kits from different commercial sources are currently available (Zymed EGFR kit from Zymed ® Laboratories and Ventana CONFIRM™ EGFR 3C6 antibody from Ventana ® ) and data comparing these antibodies are limited. In current medical practice, clinicians should decide for or against cetuximab treatment based on the results given by their pathologists, regardless of the kit which had been used for EGFR detection. However, our results showed that these tests are clearly not equivalent. EGFR positive expression was detected consistently by the three tests for 58% of patients with mCRC, i.e., a proportion slightly lower than the >75% proportion of EGFR-positive mCRC patients commonly reported in the literature [20] [21] . Actually, 34% of the Dako-negative cases could be reclassified as positive with one or two of the other tests, suggesting, as previously described [22] [23] , that the Dako test is less sensitive than the two others in detecting EGFR expression in mCRC patients. Together our results indicate that EGFR status assessed by IHC did not correlate significantly with ORR, PFS and OS, regardless of whether results from the Dako test only or results from all three IHC tests were taken into account. IHC evaluation of EGFR expression is not a reliable way to screen for mCRC patients who may be suitable for cetuximab therapy and may lead to an underuse of cetuximab.
Having shown that EGFR test kits can lead to cetuximab misuse, our second aim was to describe the potential difference in terms of clinical response between EGFR-negative patients according to the Dako test only, EGFR-discordant patients, full-positive and full-negative patients. Data from "ERBITUX-OUEST" study showed that EGFR-non-detected tumors have the potential to respond to EGFR-therapy, confirming previous findings obtained on smaller series of patients. In accordance with our results, four studies reported 8% to 30% response rates in EGFR-non-detected patients treated with either cetuximab and irinotecan or cetuximab alone [6] [8] [10] [12] . In another study, carried out in 9 EGFR-negative patients treated with cetuximab alone, median OS and median PFS were found to be better than those from the pivotal study (BOND study) performed in EGFR-positive patients (10.2 and 7 months versus 8.6 and 4.1 months, respectively) [2] [11] . Over expression of EFGR is usually tested on the primary. No clear data are available on the fact that successive chemotherapy lines could change the status of EGFR in comparison to the one before any treatment. Similarly in the PRIME [16] trial combining FOLFOX and Panitumumab, another anti-EGFR monoclonal antibody, a retrospective analysis of outcome according to EGFR IHC expression using the DAKO kit showed that both EGFR expressing and EGFR non-detected mCRC had a similar benefit from the addition of Panitumumab to FOLFOX, independent of EGFR expression.
Results from "ERBITUX-OUEST" have also been confirmed in the context of a clinical trial called FOLFIRICETUX. It was a multicenter phase II study conducted in France from October 2005 to January 2008 that included 104 patients with histologically-confirmed mCRC. EGFR status has been retrospectively assessed for 64 patients using the same three available IHC tests. Overall, 13 (20%) cases were negative for the three antibodies and results were conflicting for five (8%) (i.e., negative with Dako test and positive with at least one of the two others). None of these 18 tumor samples showed EGFR gene amplification as assessed by in situ hybridization. Clinical benefit was observed in seven of the 10 assessable full-negative patients (four partial responses and three stable diseases). Median PFS was 6.6 months for the total population versus 3.8 months for the full-negative patients (difference not statistically significant; P = 0.857). It was thus concluded that full-negative EGFR patients seemed to have the same ORR and the same PFS in comparison to the total population, suggesting that EGFR-negative patients could have the same responses profile and benefit as EGFR-positive patients [24] .
Taken together these observations strongly suggest that negative-EGFR staining does not preclude patients from benefiting from EGFR-targeted therapies. Many technical reasons have been advocated for the lack of association between EGFR detected by IHC and response to EGFR-targeted treatment [25] . These reasons include disparity between the form of epitope of EGFR detected by IHC and that targeted by anti-EGFR antibodies, as well as issues related to processing and handling tumor tissue samples, such as prolonged storage [26] . IHC is also a semi-quantitative method that lacks a standardized scoring system and is subject to inter-observer variation. Moreover, differences between primary colorectal tumors and their metastases with regard to EGFR expression have been reported, indicating that reliance on such biomarkers in the primary tumor to predict treatment response of metastatic growths may be inappropriate [27] .
However, limitations of "ERBITUX-OUEST" study have to be acknowledged, this is an observational study and patients were not randomized with or without Cetuximab, and irinotecan was used in combination. A major strength of the study lies in the fact that the Cancer Observatory population is representative of all the patients treated for mCRC after irinotecan failure in Bretagne and Pays de la Loire areas for a two-year period (2005) (2006) in public and private hospitals. "ERBITUX-OUEST" study thus provides for the first time a "real-world" experience based on the largest set of EGFR-negative patients as yet reported. In addition, a critical point that made our study feasible and so informative is that it was conducted as a multidisciplinary study benefiting from the expertise of pathologists, clinicians and pharmacists.
Conclusions
Data from "ERBITUX-OUEST" study indicate that pre-therapeutic assessment of EGFR status should be no longer considered for optimizing response to cetuximab based therapy, regardless of the detection kit used (Dako, Zymed or Ventana). The EGFR status is still mentioned in the European label, however, a health institution in France recommends not to research EGFR status since May 2009 [28] and our study tends to give strong argue to change this label. Nevertheless, efforts are still needed to identify response-predicting factors in order to better select patients for EGFR-targeted treatment. Based on data generated after this observational cohort, KRAS [29] - [34] and even more recently K and N-RAS exons 2, 3 and 4 have been shown to be major predictive factors of efficacy [35] [36] .
The use of anti-EGFR monoclonal antibodies in the treatment of mCRC provides a way of personalizing treatment based on biomarkers. EGFR expression by IHC does not seem to be reliable, possibly for technical reasons and other predictive biomarkers including RAS mutational status should be preferred.
